
Nupad 104 

Gallium Arsenide Transistor Engineering modelS: GATES 

R. ~ n h o l t *  and T.W. Sigmon 
Solid Siate Electronics Laboratory, Stanford Univeniiy, Stanford Ca. 94305 

Present addresr 1030 S i t h  S t  SE, Minneapolis, Minn. 55414 

A combined process and device modeling packnge for GaAs MESFET IC fechnology i~ 
described. The presented paper will discurs modeis used fo obtain device elecfrical characferisfics 
of ion-implanted MESFET's. comparisonr befween fhe modei und measurements. und a few 
applicmions fo ihe considerafion of device performance und uniformity. 

GATES is designed to meet the everyday needs of the process, test, and manufacturing 
engineers. who require the answers to questions about how process Parameters and tolerantes 
affect device performance and uniformity, but who have limited accea to large-computer 
modeling tmls. GATES is designed to be an easy-to-use, interactive tool, mming efficientiy On 
AT-type personal Computers (or VAX's under VMS).. To achieve this performance, extensive use 
is made of anaiyticai modeis. 

GATES features calculations of 
Accurate Ion-Implant Profiles, obtained by fitting extensive SIMS measurements 
Recea etching and epitaxial layers 
Dopant diffusion during anneaiing 
LEC and HB wafer-impurity effects 
Piemelectric effects 
Short-channel effects, due to n+ implant encroachment in self-aligned processes 
Poisson calculations of carrier profiles and threshold voltages 
Quasi-two-dimensional caiculations of source-drain currents, using the two-piece 

mobility approximation 
Sma-signd Parameters Qg, Cgs. Cdg, gm gd, f ~ .  fmm 
Contact, source, and drain resistances 
Simulations of C-V carrier and FATFET mobiiity profile measurements 

The code is pnmarily interactive, but a batch mode of operation is also available for device 
optimization. Database generation, reporting, and plotting are also avaiiable. 

A few applications we have considered are 
Sensitivity of threshold voltages to fluciuations in encapsulant thickness (when implants 

are made through Si,N, or SiO, caps). 
Sensitivity of threshold voltages to gate-recess etch depth flucmations 
Optirnizing the performance of enhancement-mode MESFETs by 

Using shallower i m p h t  profiles 
Deep-recess etching 
Buried p layers 

0 Use of buned p layers to reduce the sensitiviiy of devices to fluciuating background 
acceptor concentrations 

Effects of Si knock-on recoils on device threshold voltages when implants are made 
through caps 

Sensitivity of threshold voltages and tranxonductances to implant tilt and rotation 
angles 

Effects of diffusion during annealing on device threshold voltages 
Siudy of the effects of background EL2, Cr, and C concentrations on t ieshold 

voltages, electron profiles, and transconductances 
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Fig.2 Commikon o i  SthlS mrriuirmcnt. a i  Si ionr i m ~ h n t c d  
into GaAs wilh Pni ron- IV fit.. "red by GATES. 
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Fig.6 LEC-grown CaAr hzi iincontrollrd C rccrotor imouri i i r i  
nngins i rom I fo 6 ~ 1 0 ~ ~ c m - ~ .  uhich l r ~ d r  to rhirl% in thc 
lhrcrhold voliage irom warer lo warer. Dy wing huricd p 
I ~ y c i .  i omcd  by imolanting OJ- Co 4 ~ 1 0 ' ~  M)- to 120-kcV Be 
hn3/cm1. one n n  red- rhe C-inducrd shift in Vircxhold 
Wlagc. 

F igJ Sticss Tiom d i r l rc l ik  i i lmr bct\vccn ihe rovrce (or dri in) 
rnd grle rlcclrodn inducts Dicroelcctih chaigcs in GzAI. 
Dcpcnding on ihc sign of ihc r i i r s  3nd the oricnalion or the 
giic. Ihew chrrgrr r i lhc i  ndd or Ivbtrrct i m m  ihe donoi 
conccnlmlion. which in turn nariow or brofdcnf Ihr  criricr 
profiic r t  rliort El le  Icngths (O.J,im in thir exrmvle). 
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Fis 5. Fnr imclrnlalion l h r o ~ g h  dickclrk C ~ X .  r l ~ c l u ~ l i n n r  in 
IhC CaT) Iliickne<f 1e.<ls I0 ~hsnpcf  in dcvicc Ilitrrlr>ld rnliapr-. 
Stio%vii il ilie chrngr in tl~rcsliold r o l i 2 ~ c  tviih cxp ~Licknrrr lor  
60- to 200-ktV Si ihn implanrt. \\liefe the ion dore iri< ndjuitcd 
10 achierc r conrant -0.SV thrcrhald wluge. 




